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1) AC 電圧源を帰還回路内に挿入するために回路を切断する必要がある． 






















電源 IC を用いた実機検証について記述した．第４章では，本論文の総括を記述した． 
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This paper describes research on the loop gain measurement method using output 
impedance in the switched mode power supply. In recent years, dc-dc converters are 
supplied by component manufacturers as integrated circuits, which are often used as 
power supply circuits in various electronic devices. The dc-dc converter is one of the 
power supply circuits that use negative feedback and so require appropriate phase 
compensation design. If it is not well designed, the output becomes unstable. Therefore, 
it is necessary to consider the variation of various parameters in the final product. 
Furthermore, it is also very important to evaluate the stability of the power supply 
circuit by measuring the loop gain in prototype and final product. Phase margin is well 
known stability indices of the power supply circuit, and these can be evaluated by 
measuring its loop gain. In general, the loop gain is often measured by the voltage 
injection method, which determines the loop gain by measuring the amplitude and 
phase differences between the AC voltage source injected into the feedback loop. 
However, the voltage injection method has the following two problems. 
(1) It is necessary to inject an ac voltage source into the feedback loop with breaking 
the feedback loop at the signal injection point. 
(2) It is necessary to satisfy the requirements of the impedance at the signal 
injection point. 
For example, when using a voltage injection method in the evaluation of the prototype 
stage, (1) is not a problem in this case. However, if the test at the final product, it is 
very difficult to break the feedback loop. In such a case, (1) is a problem. In order to 
enable measurements in such a case, it is necessary to measure a loop gain without 
breaking the feedback loop. The voltage injection method only when satisfying the 
condition of (2), the measured value of the loop gain is equal to the true value of the 
loop gain. Therefore, if the condition is not satisfied in (2), an error occurs in the 
measurement value of the loop gain by the voltage injection method. For a more 
accurate and widely adaptable loop gain measurements, it is desirable that no 
conditions such as (2) in principle. 
In this paper, we propose a method to derive the loop gain from the open-loop and 
closed-loop output impedances in the switched mode power supply. In order to 
measure the output impedance, a current injection to the output terminal is required. 
However, there is no need to inject a voltage source to break the negative feedback 
loop as the voltage injection method. Also, the measurement accuracy of the proposed 
method does not depend on the input and output impedances at the signal injection 
point. Our simulation results showed that the loop gain obtained from the proposed 
method exactly matches with the one from the conventional method. Furthermore, we 
showed the experimental results of applying the proposed method to a dc-dc buck 
converter. They show that adequate evaluation of the phase margin is possible with 
the proposed method. 
The organization of the paper is as follows: Chapter I presents research background 
for introduction. Problems of the conventional loop gain measurements are also 
described. Chapter II presents a method of deriving loop gain of the DC-DC converter 
to analyze the characteristics of its loop gain. Chapter III presents our proposed 
method, and discuss the simulation and measurement results. Chapter IV summarizes 
the contents of this paper. 
  
